The composition of milk samples obtained during the milking period and following the injections of oxytocin has been determined in an attempt to elucidate the role of the epithelium of the ducts and cisterns in milk secretion.
I. INTRODUCTION
Quite large differences in the composition of cow's milk are known to be associated with changes in nutritional status, stage of lactation, the occurrence of mastitis, and genetic variation between cows (Jenness and Patton 1959) . Similarly, the composition of milk at different stages of the milking period has been shown to vary. Generally, the variation observed within a milking period has been confined to changes in the concentration of milk fat and possibly nori-fatty solids (Gilmore and Gaunt 1963) . Information of this type is useful in defining the factors which affect milk composition but has not enhanced our understanding of the fundamental problem of milk secretion.
It is almost certain that most of the synthetic activity of the mammary gland is located in the epithelial cells of the alveoli and the terminal ducts (Turner 1952; Mayer and Klein 1961) . However, the function of the epithelial cells in the larger ducts and cisterns in the overall process of milk secretion is not understood. In order to determine whether the composition of the alveolar secretion is modified as it passes through the ducts and cisterns it would be necessary to know the composition of the alveolar secretion as well as that of the milk obtained·at normal milking. At the present stage it is not possible to obtain samples of alveolar milk which have not already passed through the ducts. Similar problems have been encountered in the study of the secretion of urine and saliva. The stop-flow technique developed by Malvin, Wilde, and Sullivan (1958) has provided useful data on the mechanisms governing the secretion of urine and saliva. This technique consists of stopping the flow from the organ by occluding the main collecting duct for a given period of time. When flow is recontinued fractions of suitable size are collected and analysed. An indication of the functions of the different sections of the secreting system is obtained by comparing the composition of the various fractions with each other and with that of the fluid collected during free flow.
Secretion of milk by the mammary gland is similar to the secretion of urine and saliva in that it is probably a continuous process. However, milk flow from the gland is a discontinuous process dependent on the induction of the milk-ejection reflex. Thus, milk obtained at milking is the fluid which has been in the milk cisterns and ducts for a considerable, although varying, period of time, and the composition of the milk will be similar to alveolar milk only if the ducts have no secretory or absorptive function. However, if the ducts do function in this way then the milk obtained towards the end of the milking period should resemble more closely alveolar secretion than the milk obtained at the beginning of milking. Injections of oxytocin administered after the completion of routine machine-milking result in the ejection of further quantities of milk which would be expected to resemble alveolar secretion even more closely. In this paper the composition of milk samples obtained during the milking period and following the injections of oxytocin has been determined in an attempt to elucidate the role of the epithelium of the ducts and cisterns in milk secretion.
II. MATERIALS AND METHODS

(a) OOW8
The age, breed, and time since calving of the five cows used in these experiments are presented in Table 1 .
(b) Experimental Procedure
On the morning of the experiment the right jugular vein of each cow was catheterized with polythene tubing.
Each cow was sampled during the afternoon milking. The usual pre-milking washing and stimulation were carried out after which a sample of approximately 2()0 ml was obtained from each side by hand-milking. The cow was then machinemilked to the point where it was normally machine-stripped. The cups were removed and a second sample of approximately 200 ml was collected from each udder, half by hand-milking and the remaining milk stripped out. Oxytocin (Syntocinon, Sandoz Ltd.) (5 i.u. in 5 ml of saline) was injected intravenously by way of the jugular catheter. The milk ejected was removed by hand-stripping and a 200-ml aliquot taken. This is referred to as sample 3. Sample 4 was taken in a similar manner following a second injection of oxytocin. A third injection of oxytocin was given 30 min later and sample 5 was collected. Generally, the volume of samples 4 and 5 was less than 200 ml.
Sample 4 from cow 3 was a bulked sample of left and right sides and sample 5 was not collected since the cow was late in lactation and consequently had a low milk production.
(c) Biochemical Determinations
Milk fat was determined by the Babcock method (Davis and McDonald 1953) . The remaining analyses were carried out on skim milk or whey. Skim milk was prepared by centrifugation of whole milk at 20°C. Whey was obtained by incubating 0·25 ml of dialysed rennin with 25 ml of skim milk at 30°C. The clot was broken with a glass rod, the solution centrifuged, and the supernatant whey poured into screw-top polythene bottles. The dialysed rennin was prepared from a concentrated rennin solution (Producers' Co-operative Distributing Society Ltd., Sydney). 20 ml of concentrated rennin was dialysed in a dialysis bag (Visking, H. B. Selby & Co.) for 24 hr against distilled water at 2°C. Four changes of water, each of 21itres, were made and the final volume of the rennin solution was 50 ml. Skim milk and whey samples were deep frozen until analysed.
Sodium, magnesium, potassium, and calcium in whey were estimated by atomic absorption spectrophotometry (B. G. Davey, personal communication). Magnesium and calcium were also estimated in skim milk. Some of the potassium analyses were repeated with a flame-photometer. Chloride was estimated by titration with mercuric nitrate as described by Harrison (1957) . This method was modified in the following manner: 0·5 ml of skim milk or whey was diluted with 5 ml of O·OlN HN03, then o ·2 ml of 0 . 4 % diphenylcarbazone in 95 % ethanol was added, and the chloride was titrated with 0 ·15% mercuric nitrate. Inorganic phosphate was estimated in whey by the method of Zilversmit and Davis (1950) . Whey was analysed for citrate content by the method of White and Davies (1963) . Total reducing sugars in whey were estimated with chloramine T (McPhillips, personal communication). Milk protein was estimated by dye-binding with amido black lOB according to the method of Posthumus (1960) as modified by McPhillips (personal communication). The pH of milk and whey was measured on a Radiometer 22 pH-meter with a glass electrode. No attempt was made to prevent carbon dioxide exchange between the samples and the atmosphere.
III. RESULTS
Statistical analysis of the data was carried out according to the methods described by Bennett and Franklin (1954) .
The variance ratios for the between-side and between-sample components of variation were computed using, as denominator, the cow X side and cow X sample variance respectively, while the residual variance was used for computation of the 
variance ratios of the remaining components. Summaries of the analyses of variance of the data obtained from cows 1, 2,4, and 5 are presented in Tables 2 and 3 . It can be seen that a high proportion of the total variation for each constituent except chloride was attributable to differences between cows. The other main source of variation was due to the differences between samples. The sample means and their standard errors computed from values for both sides of cows, 12,4, and 5 are presented in Table 4 . The values for the least significant difference (L.S.D.) at the 5 and 1 % levels of significance are presented at the foot of those results where a significant sample variance was found. Only the results for potassium showed no significant. variation between samples. In general terms, the concentration of sodium, chloride, and milk fat increased from the first to the fourth sample, while the remaining constituents decreased in concentration. The results of the L.S.D. tests showed that the concentrations of sodium and chloride in samples 4 and 5 were significantly greater than in samples 1, 2, and 3 and the concentration of milk fat was significantly greater in samples 3 and 4 than in samples 1, 2, and 5.
The fourth sample contained significantly less protein and total milk calcium than the first, second, and fifth samples. This differed from milk magnesium and whey lactose, citrate, phosphate, calcium, and magnesium where samples 5 and 4
were not significantly different but were lower than sample 1 (P < 0·01).
The decrease in concentration from sample 1 to sample 4 of the citrate, magnesium, and lactose was between 12 and 15%, that of inorganic phosphate and total milk calcium 24%, and that of protein 28%. The increase in sodium and chloride concentration from sample 1 to sample 4 was 28 and 29% respectively.
The variation between sides was significant (P < 0 ·05) for protein, chloride, and sodium. Sodium and chloride concentrations were higher and protein concentration lower in the milk obtained from the left than that from the right side.
Similar trends were observed in the four samples taken from cow 3 although the initial levels of the different constituents were similar to those described for cows in late lactation (White and Davies 1958) .
Values for pH ranged between pH 6·6-6· 8 without any apparent trend.
IV. DISCUSSION
The effect of oxytocin on the secretion of electrolytes into milk is not known. It has been suggested that contraction of the myoepithelium may result in the excretion of milk from the secretory cells by a process partially holocrine in type (Mayer and Klein 1961) . However, the changes in the milk composition in the present experiment do not support any hypothesis involving the non-selective expulsion of cell contents as a secretory mechanism. Rather, there is a tendency for the composition of the milk in the later samples to become more like that of blood plasma than that of the cell fluid. The concentration of sodium and chloride is higher in the later samples but there is no change in the potassium concentration.
It was considered necessary to carry out the determinations on the aqueous phase of milk rather than to determine the total concentration of the constituents in the milk. It is the constituents of the aqueous phase which would be expected to be in direct equilibrium with the epithelial cells. This is particularly important for the divalent cations magnesium and calcium, a portion of which is bound in a colloidal form in the casein micelles (Jenness and Patton 1959) . Whey was considered to be representative of the aqueous phase of milk secretion. In this connection White (1960) and deMan (1962) have shown that the composition of whey is similar to that of milk ultrafiltrate and milk dialysate. The concentration of the different constituents in whey and milk of the first two samples from cows 1, 2, 4, and 5 was similar to previously reported values for cows in mid-lactation (White and Davies 1958) . The values for cow 3 were also in the range reported by these authors for cows in late lactation. The results have been expressed in millimoles per litre, thus permitting comparison between different constituents on a concentration basis. This was useful in considering the relationship between sodium, potassium, chloride, and lactose which are mainly in a dissociated form in the milk (White and Davies 1960) . It is of less value when considering the anions phosphate and citrate and the cations calcium and magnesium since they form soluble complexes in whey (Jenness and Patton 1959) . The concentration of these different physicochemical forms varies according to the pH and the relative concentrations of the various solutes. Thus it is practically impossible to make an accurate calculation of the total osmotic pressure of the milk samples. The formation of complexes also decreases the concentration of free ions in the solution which will alter apparent concentration gradients between the milk and the epithelial cell.
If it is accepted that the directional changes in the fourth and fifth samples are a true approach to alveolar milk then some basic considerations on milk secretion may be made. The present data indicate that alveolar milk is higher in sodium and chloride than milk which hag passed through the ducts and cisterns. They also indicate that the concentration of all the other constituents, except potassium, are lower in alveolar milk. There is an apparent increase in the concentration of lactose, citrate, and magnesium in whey of 12-15% as the milk passes through the ducts and cisterns, suggesting the absorption of water. However, since the change in concentration of calcium (18%) and phosphate (24%) in whey is higher than that of these other constituents, it is not possible to explain these results entirely in terms of water absorption.
The concentration of potassium did not alter between samples, which suggests that potassium concentration is maintained at a constant level in the alveoli, ducts, and cisterns, irrespective of the concentration of the other constituents.
The protein and total calcium concentrations of milk are poorly correlated with either sodium or chloride. The concentration of these constituents in the fifth sample was not significantly different from the first whereas the sodium and chloride concentration of the fifth sample was significantly different from the first but not from the fourth. The fact that the concentration of protein and total calcium in the fifth sample is similar to that in the first cannot be explained at the present time.
Thus on the present evidence it may be postulated that as the fluid secreted in the alveoli passes through the ducts, water, sodium, chloride, and possibly potassium are absorbed. The secretion of milk proteins is apparently largely independent of the secretion of other solutes, except that the absorption of water tends to concentrate the protein as the milk moves through the ducts. This interpretation of the results appears the most likely. However, it is possible that there may be a difference in composition of first-and last-secreted milk, in the interval between milkings. This could be due to udder distention or to hormonal effects associated with the milk-ejection reflex.
